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ObjectivesZZA normal circadian rhythm of autonomic nervous system function stands for the daily change of sympathetic and 
parasympathetic modulation, which can be measured by heart rate variability (HRV). Generally, patients in the intensive care unit 
(ICU) are prone to sleep-wake cycle dysregulation, therefore, it may have an influence on the circadian rhythm of autonomic nervous 
system. This study was designed to interpret possible dysregulation of autonomic nervous system in ICU patients by using HRV.
MethodsZZHRV was assessed every 3 hours in 21 ICU patients during a 7-minute period. The statistical differences of HRV features 
between the morning (AM 6 : 00-PM 12 : 00), and the afternoon (PM 12 : 00-PM 18 : 00) periods were evaluated in time domain and 
frequency domain.
ResultsZZPatients showed significantly increased normalized power of low frequencey (nLF), absolute power of  low frequencey (LF)/
absolute power of high frequencey (HF) in the afternoon period as compared to the morning period. However, normalized power of 
high frequency (nHF) was significantly decreased in the afternoon period. There was no statistically significant difference between the 
morning period and the afternoon period in the time domain analysis.
ConclusionsZZThe increased sympathetic tone in the afternoon period supports possible dysregulation in the circadian rhythm of 
autonomic nervous system in ICU patients. Future studies can help to interpret the association between autonomic dysregulation and 
negative outcomes of ICU patients.
Key WordsZZHeart rate variability ㆍCircadian rhythm ㆍAutonomic nervous system ㆍIntensive care unit.
Received: November 1, 2016 / Revised: November 29, 2016 / Accepted: December 22, 2016
Address for correspondence: Boreom Lee, MD
Department of Biomedical Science and Engineering, Institute of Integrated Technology, Gwangju Institute of Science and Technology, 123 Cheomdang-
wagi-ro, Buk-gu, Gwangju 61005, Korea
Tel: +82-62-715-3272, Fax: +82-62-715-3244, E-mail: leebr@gist.ac.kr
Address for correspondence: Jin Young Park, MD
Department of Psychiatry, Gangnam Severance Hospital, 211 Eonju-ro, Gangnam-gu, Seoul 06273, Korea
Tel: +82-2-2019-3341, Fax: +82-2-3462-4304, E-mail: empathy@yuhs.ac
Circadian Rhythm of HRV in ICU Patients █ Oh J, et al
journal.biolpsychiatry.or.kr 27
?      ?
일반적으로?자율신경계의?기능은?일중?변화를?보이는?것
으로?알려져?있으며??오전?시간에?주로?교감?신경이?활성화?
되는?것으로?알려져?있다????이러한?자율신경계의?활성은?운
동??호흡?및?정서?상태와?같은?다양한?요인으로부터?영향을?
받게?되며??심장을?비롯한?다양한?신체?부위에?영향을?미치
게?된다??????특히??교감?신경계의?활성이?증가하는?오전에는?심
장의?문제로?인한?급성?사망이?많이?일어나며??밤?동안에?일
어나는?부교감?신경의?활성은?이러한?사망을?방지하는?역할
을?하기도?한다????실제로?자율신경계의?반응성을?반영하는?
것으로?알려져?있는?신호인?심박변이도?????????????????????-
????????
??를?이용하면??교감?신경계의?활성을?나타내는?지표
들은?수면?후?오전?시간에?증가하고??상대적으로?오후?시간
에?감소하는?것을?확인할?수?있다???
중환자실에서는?환자의?내과적??신경학적?증후들을?모니터
링하고??중재하기?위한?과정이???시간?동안?이루어지고??환자
는?밤낮에?관계없이?지속적으로?빛과?소리에?노출되게?된다????
이러한?환경?속에서?중환자실의?환자들은?정상적인?수면?패
턴을?유지하기가?어렵고??환자들의?신체?기능의?일중?변화?주
기에도?문제가?생기게?된다????이러한?신체?리듬의?손상은?상
처?회복?등의?신체적인?치료?과정을?지연시키고????섬망을?유
발하여?치료?및?회복?과정에?저해가?되고????중환자실?입실?기
간??재원?기간?및?사망률을?높인다????
??? ??????등???의?연구에?의하면?전신의?염증?반응은?중추
와?말초의?신체?시간을?재조정하는?것으로?알려져?있다??또한??
앞서?언급했듯이?중환자실?환자들의?수면?주기는?손상되어?
있고??이는?일반?병실에서의?환자보다?심각한?수준이다????????
이와?관련하여?중환자실?환자들의?심박??혈압??체온?등의?기
본적인?생체?징후?및?멜라토닌??코티졸?분비?등의?정상적인?
??시간?리듬은?손상되게?된다????????특히?수면과?관련되어?있
는?멜라토닌?분비의?일중변동성은?환자의?진정?및?기계?호흡?
과정에서?손상된다는?것이?잘?알려져?있다?????이러한?배경에
서??중환자실?환자의?신체?기능?중?하나인?자율신경계?일중
변동성?역시?손상되어?있을?가능성이?높을?것이다??하지만?
현재까지?이에?대한?연구?보고는?매우?미미한?수준이다????????
과거?대동맥?수술과?같은?큰?수술?이후?신체?및?정신적?스트
레스에?의해?정상적인?심박변이도의?일중변동성이?사라진다
는?보고가?있었지만?????보다?일반적인?중환자실?환자들의?특
성을?대표하기에는?한계가?있다??
선행?연구들에서는?심박변이도의?주파수?범주의?지표들이?
자율신경계의?기능을?잘?반영하는?것으로?보고한?바?있다??????????
또한?심박?및?심박변이도는?그?자체가?일중변동성을?보이는?
것으로?이미?알려져?있다?????과거?연구들에?의하면??주파수?
범주의?지표?중?부교감?신경?관련?지표들은?하루?중?밤?시간
에?가장?높은?값을?가지고??반대로?교감?신경?관련?지표들은?
밤?시간에?가장?낮은?값을?가진다고?알려져?있다?????또한??교감?
신경?관련?지표들은?아침?시간에?제일?높은?값을?나타낸다고?
알려져?있다?????이러한?심박변이도의?일중변동성은?자율신경
계의?일중변동성을?반영한다고?생각되고?있다???????
이러한?배경에서??본?연구에서는?중환자실?환자들의?자율
신경계?기능의?일중?리듬이?손상되어?있는지의?여부를?심박
변이도를?이용하여?알아보고자?하였다??특히?자율신경계의?일
중변동성과?관련하여?심박변이도?중?교감?신경?및?부교감?신
경의?활성도를?나타내는?지표의?값들이?오전과?오후에?어떠한?
양상으로?나타나는지를?확인하고자?하였다?
?      ?
대  상
본?연구는?특정?기간?동안?????년??월?????일??일?대학?병
원?중환자실에?재실하였던?환자?전수를?대상으로?하였다??즉??
포함?기준은?상기?기간에?재실하였던?모든?환자이며?총???명
이었다??이?중?재실기간이???시간?미만이었던?환자??명?및?검
사?및?치료?등의?이유로?부재하여?오전?또는?오후?중의?심박
변이도?측정이?되지?않은??명을?제외하고?총???명을?대상으
로?심박변이도?분석을?진행하였다???????등???의?연구에서는?
심박변이도에?영향을?미칠?수?있는?환자를?분석에?포함하지?
않기?위하여??신경과적?질환??당뇨??말기?신부전??만성?폐쇄성?
폐질환??우울?및?불안?장애??관상동맥?질환??패혈증?등의?과거
력이?있는?환자??자율신경계?기능에?영향을?미치는?약물을?
복용한?환자를?모두?제외하고?분석하였다??이러한?엄격한?제
외?과정?탓에?중환자실의?거의?모든?환자가?분석에서?제외되
었고??해당?연구의????명의?환자?중???명의?환자만이?분석에?
포함되었다??하지만?실제로?엄격한?제외?과정을?거칠?경우?남
게?되는?환자는?대부분?경증의?환자군일?수밖에?없을?것이
다??따라서?중환자실?환자군을?대표하지?못하는?환자군만이?
분석에?포함될?우려가?있다??그러므로?본?연구에서는?중환자
실?환자들의?전반적인?특성을?관찰하기?위하여?측정?가능한?
환자?모두를?분석에?포함하였다??심박변이도?데이터는?실제?
중환자실에서?매일?이루어지는?진료?과정에서?환자?모니터를?
통해?획득되는?심전도?데이터를?그대로?수집?및?저장하였다??
심전도는?환자?모니터?장비인????????????와?데이터?획득?장
비인???????????????????????????????????를?활용하여?측
정?및?획득하였다??이들의?임상적??인구학적?정보?및?담당?임
상과??중환자실?재실?기간??약물?복용?내역?등을?의무?기록?
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검토를?통해?조사하였다??본?연구는?의무?기록?검토를?이용
한?후향적?연구이며??기관?임상시험관련?윤리위원회의?심사
를?거쳐?승인받아?진행되었다??특히??연구에?사용된?데이터는?
정규적인?중환자실?환자?진료?과정에서?기초?임상?자료로서?
획득되는?것으로서?기관?임상시험관련?윤리위원회의에서?동
의서?면제?승인을?받아?진행되었다?
심박변이도 분석
심박변이도의?일중?변화를?관찰하기?위하여??환자들의?심
박변이도를?오전?????시??및?오후??????시??시간으로?나누어?
분석을?진행하였다??중환자실?재실?환자???명의?심전도?데이
터가?한?환자당??분?간격으로?돌아가면서?중앙?모니터에서?
저장되었고??하나의?사이클이?도는?데에?약??시간가량이?소
요되었다??따라서?오전?및?오후에?각??차례?심박변이도?결과
를?획득할?수?있는?기회가?있었다??또한?재실?기간이?하루?이
상인?경우에?여러?번?데이터가?측정될?수?있었기?때문에?이러
한?환자의?경우?평균값을?계산하여?분석에?반영하였다??환자
들의?심박변이도는?시간?범주?및?주파수?범주에서?분석하였다??
시간?범주에서?분석된?지표는??평균?심박?수??????????????????
평균?심박?주기????????????????????????????이하??????심박?주
기의?표준?편차?????????????????????????????????????????????
심박?주기의?제곱?평균?제곱근???????????????????????????-
??????????????????이하???????이었다??주파수?범주에서는??
고주파수?및?저주파수의?절대량???????????????????????????-
?????????이하????????????????????????????????????????이
하????과?정규화된?값?????????????????????????????????-
????이하???????????????????????????????????????????이하?
????을?각각?분석하였고??저주파수?대?고주파수의?비율????
????역시?분석하였다??심박?변이도?외에?자율신경계의?일중
변동성과?관련한?활력징후인?수축기?혈압??이완기?혈압??호흡?
수??체온의?값?역시?분석에?포함하였다?
통계 분석
통계?분석은?사회과학을?위한?통계패키지?????버전???????-
?????????????????????????????????????????????????????????
?????????????????을?사용하였고??유의수준은???＜?????로?정
의하였다????명?환자의?심박변이도?관련?지표들??활력?징후의?
오전??오후?평균값을?구한?다음??윌콕슨?부호?순위?검정????-
???????????????????????을?이용하여?비교하였다??통계?검정
은?모두?양방향으로?시행하였다?
?      ?
인구학적, 임상적 특징
심박변이도가?분석된???명의?성별은?남성???명??여성??명이
었고??나이는? ?????±? ????세였다??평균?신장은? ???????±?
???????평균?체중은???????±??????이었다??평균?재실?기간은??
일이었다????명의?환자는?심장?기능에?큰?영향을?미칠?수?있
는?약물을?복용하지?않았지만???명의?환자는?교감신경?항진?
및?억제제를?복용하고?있었다??노르에피네프린을?복용하는?
환자가??명??알파?차단제를?복용하는?환자가??명??베타?차단제
를?복용하는?환자가??명이었다??환자의?주?진단은??척수암??대
동맥류가?각??명이었고??심부전??신부전??대동맥?박리??다발성?
골절??척추?측만증??췌장암??폐암??설암??신경내분비암??봉와직
염??급성?경막하?출혈??경막외?출혈??뇌?농양??급성신우신염??결
핵성?척추염??폐렴??수술?후?혈종이?각??명이었다??이?중?대동맥
류?환자?한?명과?결핵성?척추염?환자가?알파?차단제????????-
???????????????????????????를?복용하였다??신부전??다발성?
골절??급성신우신염?환자가?노르에피네프린??????을?사용하
였으며??척추?측만증?환자가?베타?차단제???????????????????
Table 1. The differences of HRV charateristics between morning period and afternoon period (n = 21)
Morning Afternoon Z p value
Time domain
Mean HR (beats/min) 84.3 ± 18.5 85.2 ± 18.9 -1.373 0.170*
Mean RR (msec) 754.9 ± 171.9 748.3 ± 180.6 -1.025 0.305*
STD RR (msec) 35.0 ± 17.7 32.4 ± 17.0 -1.060 0.289*
RMSSD (msec) 34.2 ± 28.3 25.6 ± 22.0 -1.964 0.050*
Frequency domain
HF (S2/Hz) 0.95 ± 2.16 0.48 ± 0.97 -4.015 ＜ 0.001*＜*
LF (S2/Hz) 0.41 ± 0.60 0.26 ± 0.22 -1.060 0.289*
LF/HF 0.92 ± 0.65 1.41 ± 1.06 -2.694 0.007*
nHF (normalized unit) 0.52 ± 0.15 0.47 ± 0.15 -2.172 0.030*
nLF (normalized unit) 0.47 ± 0.15 0.53 ± 0.15 -2.172 0.030*
* : p ＜ 0.05. HRV : heart rate variability, HR : heart rate, RR : R peak to R peak interval, STD : standard deviation, RMSSD : root 
mean square of successive differences, HF : absolute power of high frequencey, LF : absolute power of low frequencey, nHF : 
normalized power of high frequency, nLF : normalized power of low frequencey
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를?복용하였다?
오전, 오후 시간의 심박변이도 특징 비교
총???명의?환자에서?측정된?심박변이도를?이용하여?오전
과?오후의?자율신경계?기능의?차이를?윌콕슨?부호?순위?검정
???????????????????????????으로?분석하였다???????????????
????분석?결과??주파수?범주에서는?고주파수의?절대량??????고
주파수와?저주파수의?정규화된?값????????????저주파수?대?
고주파수의?비율???????에서?통계적으로?유의미한?차이를?
보였다??평균?심박?수??평균?심박?주기??심박?주기의?표준?편차??
심박?주기의?제곱?평균?제곱근?등의?시간?범주에서는?두?군
이?유의미한?차이를?보이지?않았다?
오전, 오후 시간의 활력 징후 비교
분석?결과?환자의?평균?호흡?수는?오전???????±???????오후
는???????±?????이었다??평균?체온은?오전??오후?각???????±?
????????????±?????도였다??평균?수축기?혈압은?오전????????
±????????오후????????±????????????였으며??평균?이완기?
혈압은?오전???????±???????오후???????±????????????였다??
평균?체온은?오전?및?오후?간에?유의미한?차이가?없었으나??
그?외?평균?호흡?????????????????????????수축기?혈압?????
????????????????????이완기?혈압???????????????????????은?모
두?오후에?높은?양상을?보였다?
?      ?
본?연구는?심박변이도를?이용하여?중환자실?환자들의?자
율?신경의?일중?변화?양상이?일반적인?양상과?다르게?나타나
는지를?알아보고자?하였다??특히?오전?중에?교감?신경계의?
활성이?증가하였다가?오후에?감소하는?일반적인?일중변동성
이?손상되어?있는지의?여부를?확인하고자?하였다??분석?결과??
중환자실?환자들은?주파수?범주?분석에서?교감?신경을?나타
내는?지표들이?오히려?오후에?더?증가하는?양상을?보였다??
그?외에?시간?범주?지표들은?통계적으로?유의미한?차이를?보
이지?않았다?
일반적으로?심박변이도?지표?중에서?자율?신경의?활성을?
가장?잘?나타내는?것은?주파수?범주의?값?????????????????
으로?잘?알려져?있다?????즉??본?연구의?주파수?범주?결과에서?
오전??오후의?값이?유의미한?차이를?보이는?것은?중환자실?
환자들의?자율신경계?조절의?균형이?손상되었음을?의미한
다??오전에?정상적으로?높아야?할?교감?신경의?활성이?오히려?
오후에?더?높은?양상을?보이게?되고??반대로?오후에?더?높아
야?할?부교감?신경의?활성이?오전에?더?높은?결과를?보였다??
특히?이러한?결과는?본?연구에서?함께?살펴본?활력?징후의?
결과에서도?뒷받침된다??즉??오전보다?오후에서?호흡?수와?수
축기?및?이완기?혈압이?더?높게?나타난?것이다??교감?신경이?
활성화되면?호흡이?증가하고?혈압이?상승하게?되므로??본?연
구의?심박변이도?결과와?일치하는?결과라?할?수?있다?
이러한?자율신경계?기능의?변화는???시간?동안?빛과?소리
에?노출되는?치료?환경?속에서?정상적인?수면?활동을?유지하
는?데에?어려움을?겪는?것과도?깊은?관련이?있다??실제로?수
면은?가장?중요한?생리?작용?중?하나로서??신체의?생물학적?
기능의?일중?주기를?유지하는?데에?큰?역할을?한다?????과거?중
환자실?환자들의?수면?주기에?손상이?있다는?많은?연구?결과
들이?있었지만????????자율신경계의?일중변동성의?손상에?대한?
연구는?충분히?이루어지지?못했다??본?연구의?결과에?의하면?
중환자실?환자들은?단순한?수면?주기뿐?아니라?자율신경계?
기능에?대한?정상적인?주기의?손상까지?동반되는?것이라?할?
수?있다??특히?중환자실?환자들의?신체?기능의?일중?주기?손
상은?신체?회복?지연에?영향을?주는?것으로?알려져?있으므
로?????향후?연구에서는?신체?회복?지연?및?섬망?등의?동반?증
상과?자율신경계?교란의?관련성을?알아보는?것이?의의가?있
을?것으로?생각된다?
본?연구는?일반적인?중환자실?환자를?대상으로?평가하기?
위해?가능한?모든?환자를?분석에?포함시켰다??그?결과?분석에?
포함된?환자?총???명?중?남성이???명으로?대부분을?차지하였
는데??이러한?성별의?차이는?분석?결과에?영향을?미쳤을?가
능성이?있다??선행?연구에?따르면??여성은?남성보다?심박?주기
의?변동성이?더?큰?것으로?알려져?있다?????따라서?심박?주기의?
표준?편차??????및?심박?주기의?제곱?평균?제곱근????????
값은?여성이?더?포함될?경우?더?높은?값을?나타낼?가능성이?
LF/HF                                  nHF                                   nLF
Normalized unit Morning Afternoon
**
*1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Fig. 1. The differences of HRV charateristics between morning 
period and afternoon period in frequency domain (n = 21). * : p < 
0.05. HRV : heart rate variability, LF : absolute power of low fre-
quencey, HF : absolute power of high frequencey, nHF : normal-
ized power of high frequency, nLF : normalized power of low fre-
quencey, Bar : standard error. 
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높다??또한?분석?대상?중????에?가까운?환자가?교감?신경?항
진?및?억제제를?복용하고?있었기?때문에?이?또한?영향을?미
쳤을?것으로?판단된다??실제?척추?측만증?환자가?사용한?베
타?차단제인?프로프라놀롤?????????????의?경우?교감?신경
의?효과를?떨어뜨림으로써?주파수?범주의?고주파수?관련?수
치를?높이는?결과를?가져왔다는?보고가?있다?????또한??명의?
환자가?복용하였던?알파???차단제의?경우에도?교감?신경의?
효과를?떨어뜨리므로?심박변이도에?영향을?미칠?가능성에?대
해?보고된?바?있으며??????명의?환자가?사용한?노르에피네프린
의?경우에는?반대로?교감신경을?활성화시키므로?이?역시?심
박변이도에?영향을?미쳤을?것이라?예상할?수?있다??하지만?본?
연구는?같은?환자군?내에서?오전과?오후의?경향성을?본?것이
기에?이러한?한계가?일부?극복될?수?있다고?판단된다?
본?연구는?예비적?성격의?연구로서?상대적으로?적은?수의?
중환자실?환자를?대상으로?분석을?시행하였기?때문에?추후
에?더?많은?환자를?대상으로?분석이?필요할?것이다??이번?연
구에서는?단순한?심박변이도?수치의?일중?변화만을?분석하였
지만??향후?자율신경계?기능의?문제와?신체?회복?지연?및?섬
망과?같은?동반?증상과의?관련성에?대해서도?심박변이도로?
분석이?가능할?것으로?기대된다??상기?제한점들에도?불구하
고??본?연구는?중환자실?환자들의?자율신경계의?일중?주기에?
변화가?있다는?것을?확인하였다??본?연구에서는?낮?시간?동안
의?자율신경계?기능의?변화?양상만?살펴보았지만??향후?연구
에서?밤?시간의?심박변이도?결과까지?포함한?분석이?이루어진
다면?보다?자세한?일중?주기의?변화를?확인할?수?있을?것이다??
뿐만?아니라?추후?시행될?연구에서는??안정적인?자율신경계?
일중?주기?유지가?중환자실?환자들의?예후?호전에?미치는?영
향에?대해서도?확인하는?것이?필요할?것으로?생각된다?
중심 단어：심박변이도?일중변동성?자율신경계?중환자실?
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